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and words as stimuli for cuing autobiographical memories. Participants were given one of the three types of stimuli and asked to describe a memory it evoked. Although there were no major differences across the three forms of stimuli in their potential to cue memories, the odors tended to evoke more memories that had not been thought of prior to the experiment and memories that were more pleasant and emotional. Based upon these two investigations, it is clear that people can respond to olfactory cues as memory devices, describing events associated with odors, and that they believe odors often lead to the recall of past events.
The usefulness of olfactory cues as memory aids should depend, at least partially, on how effectively information about odors can be processed. The literature on recognition memory for olfactory stimuli suggests that odor information may be difficult to process initially, especially if the odors are unfamiliar or lack meaningful labels (Cain, 1979; Rabin & Cain, 1984) . The difficulty probably results from a lack of extensive categories that clearly distinguish olfactory stimuli (Desor & Beauchamp, 1974; Engen & Pfaffmann, 1960) . Once the information is encoded, however, there is usually little additional loss over a range of short-term memory intervals-3 s to 30 s (Engen, Kuisma, & Eimas, 1973), or over extended intervals-up to 3 months (Engen & Ross, 1973) . In a comparison of long-term recognition memory for complex pictures, free-form shapes, and odors, Lawless (1978) found that over the interval from 20 min to 4 weeks, performance declined for the odors and the shapes (85% correct) but not for the pictures (nearly 100%). By the end of 4 months, however, performance levels were equivalent for all three types of stimuli (80%). Thus, it would appear that odors could be useful memory aids if the opportunity exists for adequate encoding of the information available. Once encoded, the information remains accessible over time.
In a related area of memory research, examining olfactory cues as stimuli in paired-associate learning tasks, the results are less clear. Odors consistently have proven to be inferior to words or shapes in stimulating recall on such tasks (Davis, 1975 (Davis, , 1977 Eich, 1978) . Initial learning occurred with considerable difficulty. Once a clear association is developed, performance for odors can be equivalent to other modalities (Davis, 1977) , but subsequent associations to the same odor are difficult to create (Lawless & Engen, 1977) . Perhaps the lack of distinctiveness among odors or the diffuse quality of the olfactory experience makes odors less effective in creating highly specific associations or multiple associations.
The kinds of memories usually reported as revived by odors are complex images or experiences, rather than specific objects (e.g., Gibbons, 1986; Laird, 1935) . This observation suggests that odors might operate effectively as context cues, providing a more general and diffuse association to the material to be retrieved. Smith (1979) has shown that memory for specific verbal material can be improved by having later recall take place in the same physical context or by reestablishing imagery concerning the context. The characteristics of a context apparently can become associated with details encoded in that context. Odors may, because of their diffuse presence, serve much the same function. They may become associated with the events that occurred when the odor was present and stimulate recall of these events in general.
Some support for this notion can be derived from the literature on mood and memory and state-dependent learning. Various researchers have shown that returning people to the physiological state experienced during the acquisition of material can facilitate recall or recognition performance (e.g., Bower, 1981; Weingartner, 1978) . Because the olfactory receptive system in mammals is tied directly to the limbic region of the brain, the region involved in regulation of arousal and emotional states, exposure to odors may create physiological states that are associated with newly learned material and that, when recreated, can serve to facilitate the recall of the material.
Although the literature on context effects using environmental cues and pharmacological states indicates few positive effects when recognition paradigms are used (Eich, 1980) , olfactory cues might be expected to have more of an impact on recognition performance. Odors appear to produce vivid images as the bases for recall of past events (Laird, 1935) . Thus, it might be expected that a picture-recognition task would be especially sensitive to odor manipulations. Other context variables do not seem to be associated with visual imagery effects.
The present research examined the possibility that olfactory cues can serve as general context cues in a recognition-memory paradigm using facial photographs as the stimuli. Participants were exposed to an ambient odor while learning material and then tested for recognition with either the original odor or an alternative odor present. If the olfactory information is associated with the learning experience, then reestablishing the olfactory context should facilitate recognition performance. A change in the olfactory context could have either no effect or a negative effect on performance. To separate the effects of the odors from the possible influences of mood changes caused by the olfactory stimuli, measures of mood were obtained during each phase of the experiment.
A second issue addressed in the present investigation was the role that olfactory stimuli might play in altering social judgments. Baron (1983) found that only males changed their ratings as a function of olfactory cues, whereas Cowley et al. (1977) reported that females responded to the cues, but males did not. Complex relationships also emerged when aggression was the social behavior examined (Baron, 1980 ; Rotton, Frey, Barry, Milligan, & Fitzpatrick, 1979). Underlying these investigations is the assumption that odors that produce a pleasant emotional state will lead to more positive social reactions, whereas those inducing unpleasant emotional states will facilitate negative social reponses. Although there is support for the role of mood in social judgments (e.g., Forgas, Bower, & Krantz, 1984) , to date, none of the studies has assessed the emotional reactions, if any, produced by the olfactory cues. Thus, the apparently contradictory findings cannot be readily evaluated.
To examine the possible olfactory influences on social judgments, the participants in the present study were asked to evaluate the attractiveness of facial photographs while in the presence of pleasant or unpleasant odors. This social judgment should be less susceptible to the variety of extraneous factors encountered in previous research where actors were the stimuli rated. The inclusion of mood ratings also permitted a separate assessment of any role that mood might play. Odors might have an indirect influence, by altering mood, or a direct impact, independent of mood changes. The attractiveness ratings were obtained as part of the acquisition phase of the research, with the facial photographs serving as the information to be stored for later recognition testing.
EXPERIMENT

METHOD
Overview
Male college students rated the attractiveness of 50 slides depicting the faces of college females. The task was performed in a room containing a pleasant or an unpleasant odor. Two days later, in a different room, these males performed a recognition task with the slides of females as stimuli. The new room contained either the same or the alternative odor. A control group performed these tasks with no odors present at either session. Measures of mood were taken at each session.
Subjects
Subjects were 63 male college students from an introductory psychology course who participated to fulfill a course requirement. Twelve or 13 subjects were randomly assigned to one of five experimental conditions created by varying the odors present at each of two sessions. An additional 12 males provided ratings of attractiveness needed to select the photographs used as stimuli in the research.
Materials
Odors. Two odors were selected to create a pleasant or an unpleasant olfactory context. The pleasant odor was a commercially available spray cologne (Island Gardenia by Jovan) which has a flowery aroma. This odor was similar to that used by Baron (1981) to assess olfactory influences on social perceptions. The unpleasant odor (ammonium sulfide from Fisher Scientific) had been used by Rotton, Barry, Frey, and Soler (1978) and was judged by their participants to be very unpleasant. The pleasant odor was dispensed by four full sprays from the cologne bottle. A small amount (2 ml) of the unpleasant odor was placed in a dish hidden on a shelf and allowed to diffuse. Subjective evaluations of the odors indicated that they were strong, but did not create any physical discomfort. The rooms were deodorized at the end of each day using a deodorizing spray (Fresh 'N Dry Air and Fabric Deodorizer by Renuzit).
Slides. Slides were prepared from black-and-white college-yearbook photographs (4 x 5 cm) of females. Only the head and shoulders were visible, and photographs including glasses or distinctive accessories were not selected. An initial set of 120 photographs was chosen by the researchers to include 60 attractive and 60 unattractive females. These photographs were rated using a 10-point scale (extremely unattractive to extremely attractive) by a separate sample of 12 males from the same population as the research participants. Based on these judgments, 50 unattractive (M = 2.47, SD = .43) and 50 attractive (M = 5.29, SD = .76) photographs were selected. The attractiveness ratings for the two groups did not overlap (ranges were 1.91-3.45 and 4.09-6.91) and were significantly different, t(49) = 23.77, p < .01. The slides were randomly divided to create two acquisition sets, each containing 25 attractive and 25 unattractive photographs. A t test comparing the two sets verified that they were not different in their average ratings of attractiveness of the slides, t(49) = .39, Ms = 3.85 and 3.90. All 100 slides were used during the recognition trials. Forms. Questionnaires requesting demographic information were used as filler tasks to allow time for the participants to experience the odor conditions. Two forms were developed, one for each session. A mood rating form was used at each session to assess participants' current emotional states. A modified mood-adjective checklist (MACL) was designed by taking three items from each of three positive affect and three negative affect dimensions of the MACL (Nowlis, 1965) . The instructions developed for use with the MACL were employed. Raters were asked to rate their perceptions of their current states on a series of adjectives using a 4-point scale. The ratings were used to create two overall measures of positive and negative mood. In addition, participants rated their current feelings on a 7-point scale (positive/ negative) originally used by Isen and Daubman (1984) to assess mood differences. The rating form used in making the attractiveness ratings presented the 10-point scale at the top followed by 50 numbered blanks. A form containing 100 numbered yes / no choices was used during recognition testing. Instructions at the top reminded participants to select yes if the slide had been seen before or no if it was a new slide. Procedure Session 1. Participants were scheduled in groups of 4 and were met by the experimenter (D. R.) in a lobby area. Prior to the arrival of the subjects, the appropriate odor condition was created by releasing the odorant in the room (for the control group, no odor was released). The same laboratory room 13 x 8 ft (3.96 x 2.44 m), was used for all odor conditions, but opposite odor conditions were separated by at least 24 hr. When multiple sessions were conducted during the same day, the odor conditions were reestablished prior to each session. During the intervals between odor conditions, the room was deodorized and well ventilated. As the participants were escorted into the room, the experimenter apologized for the odor and claimed to have no knowledge about what had gone on before in the room to create the smell. This was intended to minimize curiosity about the odors. To allow ample time for participants to experience the odors and for any potential mood changes to occur, a number of forms were completed prior to administering the mood measures. Participants were allowed 5 min to complete the forms which included an informed consent statement, a form used to ensure that proper research credit was recorded for the student, and a demographics questionnaire. The mood measures were administered at the end of the 5 min. Presentation of the slides followed. Participants were shown the attractiveness rating scale and were told to observe each slide for the 5 s it was presented and to make the rating during the 5-s interval between slides. At the end of the session, participants were reminded that they needed to return in 48 hr in order to receive credit for their participation. Session 2. Participants were scheduled in pairs, with previously paired couples assigned to consecutive half-hour periods. Thus, 2 participants from each original set of 4 were exposed to the same odor used in the first session, and the other 2 received the alternative odor. Two separate rooms in different sections of the building from the room used earlier were used for the second session. Separate rooms were used so that the different odor conditions could be established at approximately the same time (consecutive half hours) without contamination. The particular laboratory rooms used in the second session, 12 x 8 ft (3.66 x 2.44 m) and 10 x 8 ft (3.05 x 2.44 m), and the odor presented in those rooms were counterbalanced across sessions so that approximately equal numbers of participants in each odor condition were tested in each room. The experimenter made no mention of the odor conditions in this session. Upon arrival, participants again completed a series of forms prior to rating their moods. The recognition test followed the mood measures. Participants were instructed to circle yes or no to indicate whether they believed they had seen each of 100 slides at the earlier session. Slides were projected for 5 s each, with a 5-s intertrial interval. Participants were debriefed at the end of the session and allowed to ask questions.
RESULTS
Attractiveness ratings
Ratings of physical attractiveness made during the first session were analyzed in a 3 x 2 unweighted means analysis of variance (ANOVA) with odor condition during the session (pleasant, unpleasant, none) as a between-groups factor and attractiveness level (high, low) as a within-groups factor. The main effect for attractiveness level was the only significant comparison, F(1, 60) = 798.53, p < .0001. This result simply validates the attractiveness manipulation, because it shows that high-attractive slides were rated as more attractive (M = 5.89) than low-attractive slides (M = 3.09). Although the average ratings for both levels were slightly higher (approximately +.60) than the pilot ratings, there were no effects of the odor variations on the ratings.
Mood ratings
Three measures were used to assess potential mood changes that might have affected the results. Participants were assigned separate scores for their ratings of positive and negative feelings on the modified MACL (range of possible scores, 0-27) and a score based on their ratings on the 7-point positive/negative scale. Each of these measures was subjected to a 2 x 2 x 2 (Odor at Session 1 x Odor at Session 2 x Session) ANOVA, with session as a repeated measures factor. Across these three analyses, only one effect emerged as sig-nificant, a sessions main effect for the MACL negative feelings score, F(1, 46) = 11.0, p < .01. Participants rated their negative feelings as less strong at the second session (M = 3.68) than at the first (M = 5.34).
Recognition scores
Performance on the recognition test was assessed in three ways: by calculating d' scores for each participant and by separate analyses of hits and false alarms. Each recognition measure was subjected to a 2 x 2 x 2 (Odor at Session 1 x Odor at Session 2 x Attractiveness Level) ANOVA, with attractiveness level as a repeated measures factor, and the isolated control-group data included in the calculation of error terms to provide the best estimate of error. The predicted interaction between the odors present at the two sessions was significant for the d' scores, F(1, 58) = 5.31, p < .05, and for false alarms, F(1, 58) = 4.03, p < .05. The results are presented in Table 1 , and they show that performance was superior when the odor condition during testing matched that present at acquisition. A main effect for attractiveness level also emerged on the d' and hit rate measures, F(1, 58) = 7.23; F(1, 58) = 6.58; ps < .05, for d' and hit rate, respectively. Participants performed better on the unattractive slides, Ms = 2.11 (d') and 18.87 (hits), than on the attractive slides, Ms = 1.83 (d') and 17.42 (hits).
To compare the control condition (no odors) with the experimental groups, planned comparisons were conducted. Comparisons were for a linear trend: same odor, control, different odors. Relative to the control group, the same odors should facilitate performance, and the 
DISCUSSION
Social judgments
The odors manipulations had no effect on the ratings of attractiveness. The predicted enhancement of ratings in the pleasant odor condition failed to emerge. Although this failure could be due to any number of factors, there are two more likely explanations for this result. The first is that odors simply do not influence social judgments of this type. Despite the popularity of olfactory paraphernalia, and the advertising emphasis on the importance of pleasant odors (Levine & McBurney, 1986) , it may be that olfactory stimuli produce no reliable effects on judgments of attractiveness. Because the odors used in the present study did have an influence on recognition memory, they cannot be dismissed as simply irrelevant to behavior. Given the limited range of odors used here, it would be premature to reject all odors as potential enhancers or detractors, but the results do cast some doubt on the role odors might play.
A second explanation, consistent with the logic developed earlier, is that the failure of the odors to produce mood differences precludes their having any significant impact on social judgments. If the basis for the influence of odors on social judgments is the change in mood state that odors might induce, then the absence of mood changes implies there should be no differences on the attractiveness ratings. Perhaps odors that produce significant variations in perceived emotional state would also yield the predicted differences in judged attractiveness. The olfactory stimuli used in the present study apparently failed to produce changes in perceived feelings. Subsequent research may need to pretest olfactory stimuli to ensure their effectiveness in producing perceived changes in emotional state in order to adequately test this impact of odors.
Recognition memory
Creating an olfactory context during acquisition and reestablishing that context during recognition testing did improve overall performance. The results from the analysis of d' scores support this con-clusion. The effects seem due primarily to the impact of the manipulations on the false alarms participants generated. The presentation of a different odor at the second session seems to have produced a high rate of claimed recognitions without the greater discrimination evident when the same odor was presented at both sessions. These results could be viewed as support for the proposed activation-level model for odor effects.
The expectation was that the odors might be producing changes in activation level which could function like the physiological changes observed in state-dependent learning or the mood effects noted by Bower (1981) . The presence of any odor might lead to some increased activation, thus creating the high hit and false alarm scores. Unfortunately, the absence of differences in mood across the changing odor conditions suggests that the observed effect may not be dependent on mood state variations. Olfactory information, as a context cue, apparently can be associated with specific details about material encountered in the setting without inducing noticeable changes in selfreports of feelings. Perhaps there were subtle changes in arousal or activation level produced by the odors, which the measures of mood did not adequately assess, so an activation level model cannot be completely dismissed. The present results do, however, support the possibility that the effects of olfactory cues on memory represent a system distinct from that responsible for mood effects. Whatever the sensory experience the odors produce in the participant, it apparently can become associated with other encoded information in a useful manner.
Results indicate that olfactory information might be used more systematically than is typically the case in facilitating memory processes. An olfactory stimulus consistently paired with a learning experience might be used later to produce more efficient performance of the learned behaviors. An olfactory context cue can, after all, be more easily transported than a physical context cue. In fact, the learner could carry the appropriate olfactory stimulus for release at the critical time when performance is required. Additionally, the fact that the odors used in the present research were not logically associated with the material to be learned-that they were not a natural olfactory by-product of the stimuli-suggests that any consistently presented odor-information pairing might be effective as a cue for recognition. Subsequent research may assess the relative effectiveness of natural associations versus artificial associations as well as the role of activation as a way of further pursuing the central processing system responsible for these odor-revived memories.
